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SYNOPSIS
The thesis entitled “Synthesis, self-assembly and cellular uptake studies of bioactive
molecules and development of new methodologies” is divided into four chapters.
Chapter I: This chapter is further divided into two sections.
Section A: This section deals with the introduction and literature approaches
towards the synthesis of macrolactin-A.
Section B: This section deals with the present work wherein the synthetic studies
directed towards the total synthesis of macrolactin-A, is described.
Chapter II: This chapter deals with the introduction, literature approaches and present
work wherein the total synthesis of cryptocaryalactones, is described.
Chapter III: This chapter deals with the introduction and literature approaches towards
the self-assembling process and present work wherein the synthesis of library products of
N-acyl-2-aminopyridines and N,N’-diacyl-2,6-diaminopyridines, their self-assembly and
cellular-uptake studies, is described.
Chapter IV: This chapter is further divided into two sections.
Section A: This section deals with the introduction of aza-aromatics and present
work wherein the first example of ring expansion of activated quinolines and
isoquinolines: a novel benzoazepines, is described.
Section B: This section deals with the present work wherein the facile addition of
ketones to activated isoquinolines using N-methyl-2-pyrrolidinone, is described.
Chapter 1:
Section A: The macrolactins (Figure 1) are a structurally diverse class of secondary
metabolites isolated from a deep-sea bacterium. Macrolactin-A, a 24-membered
macrolide isolated from a taxonomically undefined deep sea marine bacterium possessing
strong cytotoxic activity in vitro on B16-F10 murine melanoma cancer cells (IC50 = 3.5
μg/mL), as well as powerful antiviral activity against HSV-I and HSV-II and human HIV
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replication in T-lymphoblasts. Moreover, it was also found to be a neuronal cell
protecting substance against the glutamate toxicity. The absolute and relative
stereochemistry of macrolactin-A, established by Smith, shows three sets of conjugated
dienes and four stereogenic centers. Due to unavailability of this sea marine bacterium,
no macrolactin-A is readily available for further biological studies. Because of its broad
range of therapeutic potential and unique structural complexity, macrolactin-A has
attracted the attention of many synthetic organic chemists.
Figure 1
A: X = β-H, α-OH, R = H
B: X = β-H, α-OH, R = β-glucosyl
C: X = β-H, α-O- β-glucosyl, R = H
D: X = β-H, α-OH, R = R (D)
E: X = O, R=H
F: X = O, R = H, 16.17 di hydro
Section B: The general retrosynthetic analysis for macrolactin-A may be delineated in
Scheme 1, which clearly shows that the molecule can be achieved from two fragments, A
(C12-C24) and B (C1-C11).
Facile stereoselective synthesis of C12-C24 fragment of macrolactin-A: As accordingly
fragment A was again divided into two building blocks, C12-C18 and C19-C24 fragments.
Synthesis of C12-C18 fragment: The synthesis of C12-C18 fragment began with readily
available starting material D-glucose (4). Accordingly, 1,2-5,6-isopropylidene-α-
glucofuranose (11) was prepared from 4 by using copper sulfate, acetone and catalytic
sulfuric acid at r.t. for 16 h. The free hydroxy group of 11 was protected as triflate (12),
which on treatment with DBU in dichloromethane afforded olefin 13. Subsequent
hydrogenation of 13 in the presence of Raney-Ni in ethanol at 40 psi gave 14 as a white
crystalline solid. Selective deprotection of 5,6-O-isopropylidene group of 14 using 80%
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Scheme 2
The diol 15 was further subjected to oxidative cleavage using sodium periodate in
dichloromethane-water (4:1) at room temperature afforded aldehyde 3 as white syrup in
92% yield, which was converted into the corresponding primary alcohol 16. Alcohol 16
was protected as benzyl ether 17 by sodium hydride and benzyl bromide in THF.
Cleavage of the 1,2-O-isopropylidene group of 17 by heating at 50 °C in 30% aqueous
acetic acid afforded lactol 18 in 92% yield (Scheme 3).
Scheme 3
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Two-carbon homologation was achieved by use of a Wittig reaction with
[(ethoxycarbonyl)methylene]triphenylphosphorane and lactol 18 in N,Ndimethylformamide
at 60 °C and the desired product 19a was obtained in 83% yield
(Scheme 3). Compound 19a was subsequently treated with 2,2-dimethoxypropane in the
presence of catalytic amount of 10-camphor sulfonic acid to afford corresponding
acetonide 20 in 90% yield (Scheme 4). Finally, the resulting acetonide-protected ester 20
was reduced by LiAlH4/AlCl3 in diethylether at -10 °C afforded the primary alcohol 21
in 92% yield (Scheme 4) which was further oxidized using Dess-Martin periodinane in
CH2Cl2 at 0 °C, furnishing the desired aldehyde 2 in 90% yield (Scheme 4).
Scheme 4
Synthesis of C19-C24 fragment:
Synthesis of C19-C24 fragment began with the solvent free kinetic resolution of
racemic propylene oxide 7 with Jacobsen catalyst to afford chiral epoxide 7a and chiral
diol 7b (99% ee) (Scheme 5).
Scheme 5
Reagents and conditions: (a) R,R-Salen-Co-(OAc) (0.005 equiv.),
distd H2O (0.55 equiv.), 0 оC, 12 h, [47% for (7a), 48 % for (7b)]
21 2
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Epoxide 7a was subjected to Yamaguchi protocol with the compound 22 to produce the
homopropargyl alcohol 23 in 78% yield. Secondary alcohol 23 was then protected by
reaction with TBDMSCl and imidazole in the presence of catalytic amount of DMAP in
DMF; this gave a silyl ether 24, which was treated with palladium on carbon (10%) under
hydrogen atmosphere in EtOAc, give the desired saturated primary alcohol 25 in 90%
yield (Scheme 6). Finally, the required sulfone 5 was prepared in 88% yield by treatment
of primary alcohol 25 with 2-MBT under Mitsunobu conditions, followed by oxidation
with m-chloroperoxybenzoic acid in dichloromethane (Scheme 6).
Scheme 6
Coupling of C12-C18 and C19-C24 fragment:
Having made both the fragments 2 and 5 successfully, they were then subjected
to modified Julia olefination condition with NaHMDS in THF at -78 °C for 30 minutes,
which afforded C12-C24 fragment of macrolactin-A (A, E:Z = 9:1, 78% yield) (Scheme 7).
26
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Scheme 7
Effort towards the synthesis of C1-C11 fragment of macrolactin-A: The synthesis of
fragment B commenced with the readily available 2-deoxy-D-ribose (10). The synthesis
began with the acid-catalyzed glycosidation of 10 to give methyl 2-deoxy-D-erythropentofuranoside
(27) as a mixture of anomers in 87% yield. The hydroxy groups of 27
were protected as benzoyl ethers using benzoyl chloride and pyridine in dichloromethane
to afford 28. A Lewis acid-catalyzed reduction of methyl acetal 28 by BF3·OEt2 and
triethylsilane, gave tetrahydrofuran (29) in 92% yield (Scheme 8).
Scheme 8
The benzoyl ethers of 29 were deprotected using LiAlH4 in Et2O give diol 30 in 90%
yield. The primary hydroxy group of 30 was subjected to one-pot oxidation/olefination
following Vatale’s protocol; thus, the primary hydroxy group was oxidized with
(diacetoxyiodo)benzene (BAIB) and catalytic TEMPO to afford the aldehyde, which was
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subsequently subjected to a two-carbon homologation using
(ethoxycarbonylmethylene)triphenylphosphorane in dichloromethane to furnish (E)-α,β-
unsaturated ester 31 in 85% yield. The secondary alcohol was then protected as silyl ether
using tert-butyldiphenylsilyl chloride and imidazole in dichloromethane afford 32 in 92%
yield. The resulting silyl protected ester 32 was reduced in the presence of DIBAL-H in
CH2Cl2 at -15 ºC, and afforded the primary allyl alcohol 33 in 88% yield. Compound 33
was converted to its allyl chloride (9) by treating with TPP, NaHCO3 and CCl4 under
reflux in 89% yield. Treatment of 9 under several basic condition such as LDA, LiNH2
and n-BuLi resulted hydroxy enyne 8 in ~ 80% yield with E:Z = ~1:1 ratio which is nonseparable
by silica-gel column chromatography (Scheme 9). In case of LiNH2, the silyl
protection was knocked out and diol 8a was obtained in 70% yield with E:Z = 4:3 ratio.
The E:Z stereochemistry was confirmed by 1H NMR spectroscopy. Compound 8 was
further subjected to cis-trans isomerization under various conditions such as iodine
(cat.)/hexane/hυ and benzene/reflux. The diastereomeric ratio did not change even after
long reaction time (18 h).
Scheme 9

29
LiAlH4
Diethyl ether
0 0C - r.t.
2 h, 90%
ii. Ph3P=CHCO2Et,
2h h, 85%
TBDPSCl, Imidazole
CH2Cl2, 0 0C - r.t.
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In conclusion, synthetic studies towards the macrolactin-A has been carried out via facile
stereoselective synthesis of C12-C24 fragment (A) starting from D-glucose and efforts
towards the synthesis of C1-C11 fragment (B) starting from 2-deoxy-D-ribose. The
isomerization of 8 to trans geometry could not take place under several reaction
conditions to result in another advanced intermediate enroute to the total synthesis of 1.
The efforts in this direction are presently being pursued in our laboratories.
Chapter II: Higher plants produce several optically active α,β-unsaturated-δ-lactones,
which seems to originate biogenetically from the corresponding 1,3-polyhydroxylated
acid and belongs to a group of polyketides. One of the members of this group is
cryptocaryalactone (34, Fig 2) isolated from Cryptocarya bourdillooni GAMB.
(Lauraceae), which has long been noted for its medicinal properties. These range from
the treatment of headaches and morning sickness to that of cancer, pulmonary diseases
and various bacterial and fungal infections.
Figure 2
Chemical Structures of cryptocaryalactones
The retrosynthetic analysis for cryptocaryalactone may be delineated in Scheme
10. It was envisioned that the molecule can be achieved by lactonization of key fragment
35, which is obtained from trans-cinnamaldehyde through asymmetric allylation and
followed by benzylidine acetal formation that fixed both the stereogenic centers.
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Scheme 10
The synthesis began with commercially available cinnamaldehyde (37), which
was subjected to Maruoka chiral allyltion to afford homoallyl alcohol 36 with 99% ee
ratio (chiral HPLC). A transition metal-mediated cross-metathesis reaction of homoallylic
alcohol 36 with ethylacrylate using Grubb’s 2nd generation catalyst provided trans-δ-
hydroxy-1-enoate 38 in 78% yield. Formation of the new C-O bond with a concomitant
new stereocentre was achieved via an oxy-anion assisted Michael addition of 38 with
KOtBu and PhCHO in anhyd. THF at 0 °C. A syn 1,3-diol in the form of a benzylidine
acetal 39 was obtained. The ester was reduced to primary alcohol 40 by LiAlH4
reduction. The aldehyde 41 was easily prepared by exposure of a CH2Cl2 containing
benzylidine protected primary alcohol 40 to DMP at 0 °C, which was subjected to a
modified Wadsworth–Emmons reaction, in the presence of NaH in THF, to provide the
key fragment 35 with (9:1) Z:E ratio, which was easily separated by column
chromatography (Scheme 11).
Scheme 11
34a
and
34b
41
35a:35b= Z:E = 9:1
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Compound 34a and 34b was obtained by treating compound 35a with pTSA in acetic
acid at room temperature for 20 minute. The desired compound 34a and 34b were easily
separated from 34 by silica-gel (100-200 mesh) column chromatography with de = 4:3
ratio (Scheme 12).
Scheme 12
42
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Chapter III: There is tremendous interest in the use of self-assembling processes to
develop complex molecules, due to their potential in the generation of novel materials at
a scale and complexity not possible using covalent methods. Interest in the selfassembled
nanotubes/microtubules for technological applications is due to the tunability
of their properties from changes in the several variables like pore size, different areas for
contact (inner and outer surfaces) and that they present multiple sites for functionalization
and molecular recognition. Among them self-assembly of small organic, lipidic, peptidic
and hybrid motifs to form nanotubes/microtubules with well defined shapes and
dimensions have been studied by many groups. Soft molecular self-assemblies are
increasingly being sought for diverse biological applications. In recent years research
efforts have been directed toward the application of nanosystems as “transporters” to
deliver molecular “cargo” to targets within the cytoplasm and the nucleus of the cells. We
have initiated research programs to develop molecules which self-assemble into
nanometric structures with appropriate size, structure and other biological parameters.
The self-assembly of target products, N-acylaminopyridines and N,N’-diacyl-2,6-
diaminopyridines 43-53 were readily synthesized by acylation of 2,6-diaminopyridine
(DAP) with the corresponding acyl chloride using a synthetic route shown in Scheme 13
and Figure 3. Accordingly, 2,6-Diaminopyridine (1.0 eq.) dissolved in anhyd. THF under
nitrogen atmosphere and cooled to 0 °C. The coupling reaction was carried out by the
drop-wise addition of corresponding acyl chloride (2.2 eq.) in dry THF in an ice bath
using triethylamine (2.5 eq). The reaction was monitored by TLC, after the completion of
the reaction; the excess base was neutralized by the addition of water and worked up to
extract the organic layer containing the required product.
Scheme 13
The structures of the target compounds were confirmed by spectroscopic methods and
elemental analysis.
Scheme 14. Synthetic Route to 46, 47, 50, 52 and 53
Scheme 15. Synthetic Route to 48, 49 and 51
Figure 3
Chemical Structures of the eight DAP alkanamides and the synthesis routes
The self-assembly of 43-53 were carried out by dissolving 1 mg of compound in
CH3OH (0.6 mL) followed by heating (80°C) to get a transparent solution. Deionized H2O
(0.2 mL) was added and the solution was again heated and gradually cooled to room
temperature. At room temperature, the samples appear as turbid solutions. To characterize
the morphologies and dimensions of the nano/micro-assemblies, the structures were
observed using transmission electron microscopy (TEM) and scanning electron microsopy
(SEM). Figure 4 shows the transmission electron microscope (TEM) and scanning electron
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microscope (SEM) images showing the formations of various morphologies, which varied
from nanotubes, nanosheets, nanopipes and nanodisks.
Figure 4
TEM images of self-assembled (a) 44; (b) 46; (c) 47; (d) 48; (e) 49; (f) 50; (g) 51; (h) 52. SEM
image of self-assembled (i) 53, fromed in methanol-water solution.
The mechanism and the forces that drive the formation of nanometric morphologies
is not clearly understood. Compounds 43-53 possesses the DAP moiety and it is likely that
the π-π interactions between the pyridine groups provide the required rigidity and also play
a major role in directing the aggregation. FT-IR studies of the films deposited on KBr pellet
furnished evidence for the hydrophobic forces between the alkyl chains. Powder X-ray
diffraction (XRD) was used to obtain insight into how the molecules packed during the
self-assembly. The XRD method involves the determination of the molecular length of the
lipids 43-53 (molecular lengths L were approximately 29.2 Å from molecular modelling)
and the measurement of the periodic reflection peaks from the X-ray diffraction patterns.
The small-angle diffraction comes from the characteristic long-range ordering of the selfPh.
D Thesis of Manoj Kumar Gupta, Indian Institute of Chemical Tecnology, Hyderabad, Andhra Pradesh, India
30
assembled peptides and the wide-angle region is indicative of hydrocarbon chain packing.
The XRD pattern show periodic reflection peaks with relativley weak intensities because of
low-crystallinity of the self-assembled lipids. The presence of a relativley strong reflection
peak of 3 nm in the small-angle region suggests long range ordering. Further the obtained
long spacings (d) of 3.2, 1.6 and 1.0 nm corresponds almost exactly to the ratio of 1:0.5:0.3
These results for the self-assembled 43-53 indicative the presence of long range ordering
and suggests that the molecules form multilayered structures within the self-assemblies
associated through hydrophobic interaction (Figure 5).
Figure 5
Suggested packing model for the self-assembled micro/nanostructures. Red disks indicate DAP and
their π-π stacking. (a) SEM image of 46 (scale bar = 1μm); (b) Image analysis of a SEM image of
46; and (c) SEM image of 51 (scale bar = 2μm).
The HeLa (Human Cervical Carcinoma) cell lines were used for the cellular uptake
studies of the submicron-sized sheets 43-53. The cells were grown in small dishes to
approximately 80% confluence and subsequently incubated with submicron-sized sheets
(60μg/mL) dissolved in DMSO for 24h. The final concentration of DMSO during the
incubation was 1% or lower, which has been proven not to effect cell growth. After
incubation, the medium was removed and the cells were washed with phosphate buffered
saline (PBS) (pH 7.4). The cells were treated with nuclear staining dyes such as acridine
orange (100μg/mL) and ethidium bromide (100μg/mL) simultaneously for 45 sec to
differentiate viable and dead cells, respectively, followed by three gentle washes with PBS
to remove the excess stain from the cells and observed by fluorescence microscope
(Olympus microscope IX71). The submicron-sized sheet 51 facilitates the intracellular
localization as shown by the green fluorescence within the cytoplasm (Figure 6). In all the
cases tested, the metabolic activity and the proliferation of the HeLa cells treated with
a b c
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submicron sheets 43-53 showed 80-90% cell viability when compared to the control
(untreated cells with 100% cell viability). The total experiment was performed in triplicates
under standard laboratory conditions.
Figure 6
Confocal images of HeLa cells showing the uptake of submicron-sized sheet 51. Scale bars are
50μm. Upper panel control (DMSO) and the lower panel shows the images of cells treated with
51. The arrows show the cell membrane. Merged figures clearly show the accumulation of
fluorescent spots in the cytoplasm.
In summary, N-acylaminopyridines and N,N’-diacyl-2,6-diaminopyridines were
synthesized using standard organic procedures. The compounds when self-assembled in
methanol:water mixture formed various nano/micro structures. Confocal microscopy
studies proved that micro/nano sheets have ability to penetrate the human HeLa cells and
concentrate in clusters in the cytoplasm. While further studies are required to define the
detailed mechanism of the cellular uptake of the submicron assemblies, it is apparent that
both the hydrophobic alkyl chain and the DAP linker play important roles in assisting the
delivery of the submicron-sized sheets to the interior of the targeted cells. The results
reported here offer the opportunity to further tailor the submicron-sized sheets by
designing them for use in medicinal therapy.
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CHAPTER IV: Synthetic organic chemistry has always been a frontier area of research
due to its impact on the materials and biological sciences. The scientific community in
this area is constantly thriving to develop efficient methodologies, novel reactions and
processes that will lead to the synthesis of desired target molecules and their derivatives
with ease.
Section A: First example of ring expansion of activated quinolines and
isoquinolines: a novel benzoazepines
The benzoazepine moiety is present in many pharmaceutically active naturally
occurring molecules such as galanthamine (one of the most effective current drugs for
Alzheimer’s disease), lycoramine, narwedine, montanine, coccinine, pancracine,
brunsvigine, ribasine, communesin A, communesin B, nomofungin, etc. and in fact,
several synthetic 2-benzoazepines have also been found to exhibit hypotensive, analgesic,
antiarrhythmic activity and are also useful for treatment of mental disorders and hypoxia.
Therefore, the development of simple and convenient procedures for the synthesis of
benzoazepine derivatives continues to be a challenging endeavor in synthetic organic
chemistry.
A novel protocol has been developed for the synthesis of benzoazepine
derivatives. We developed for the first time an unprecedented ring expansion of activated
quinolines and isoquinolines. Initially, the alkylation was attempted between activated 3-
methylquinoline and ethyl diazoacetate using 5 mol% of copper(II) triflate. The reaction
went to completion in a short time (~0.5 h) and the product 1H-benzo[b]azepine, 56a was
obtained in 85% yield (Scheme 16).
Scheme 16
Similarly various substituted quinolines reacted efficiently with a variety of
diazocarbonyl compounds to produce 1H-benzo[b]-azepine derivatives (entries b-f, Table
1).
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Encouraged by the results obtained with quinolines, we turned our attention to
isoquinolines. Interestingly, several activated isoquinolines underwent smooth ring
expansion with diazocarbonyl compounds to give 3H-benzo[d]azepine derivatives
(entries g–k, Table 1, Scheme 17).
Scheme 17
Conclusion
In summary, we have described a novel route for the construction of the seven-membered
azepine ring system from readily accessible aza-aromatics and diazocarbonyl compounds.
It is an entirely new approach for the conversion of activated quinolines and
isoquinolines into a novel azepine framework.
aAll products were characterized by 1H, 13C NMR, IR spetra and mass spectrometry.
bYield refers to pure products isolated by column chromatography.
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Section B: Facile addition of ketones to activated isoquinolines using N-methyl-2-
pyrrolidinone:
Quinoline and isoquinoline ring systems are important structural units found in
various naturally occurring alkaloids and synthetic analogues with interesting biological
activities. Knowing the importance of isoquinoline derivatives, the preparation of new
analogues of such compounds is of prime importance for both synthetic and medicinal
chemistry. Therefore, it continues to be an important challenge in synthetic organic
chemistry to develop synthetic methods based on activated quinolines and isoquinolines,
since the development of new analogues of isoquinoline would certainly extend their use
in drug discovery. Exploring the results based on aza-aromatics, herein, we disclose
facile addition of ketones to activated isoquinolines using N-methyl-2-pyrrolidinone. This
novel addition reaction to aza-aromatics offers an expedient access to certain medicinally
important isoquinoline heterocycles and relevant natural alkaloids.
Accordingly, treatment of 2-(ethoxycarbonyl)isoquinolinium salt (57) with
acetophenone in NMP, resulted in the formation of ethyl 1-(2-oxo-2-phenylethyl)-1,2-
dihydro-2-isoquinolinecarboxylate (60a) in 95% yield (Scheme 18).
Scheme 18
Encouraged by the result obtained from acetophenone, we turned our attention towards
various other substituted ketones. Satisfying a range of ketones such as acetone,
cyclohexanone and cyclopentanone underwent smooth addition to the Nacylisoquinolinium
system, under similar conditions, to affords 1-substituted-1,2-
dihydroisoquinoline derivatives (Table 2; entries b-d). Similarly, the 5-nitroisoquinolium
salt also reacted well with acetophenone, acetone, cyclohexanone and cyclopentanone to
give the corresponding adducts in good to excellent yields (Table 2, entries e-h).
r.t.
57 59
60a
Ph.D Thesis of Manoj Kumar Gupta, Indian Institute of Chemical Tecnology, Hyderabad, Andhra Pradesh, India
35
Scheme 19
However, the unsymmetrical ketones such as 2-butanone and 2-pentanone gave a
mixture of diastereomeric products 60 and 61 (Scheme 19 and Table 2, entries i-k). The
adduct 60 was obtained as the major product and could be easily separated from the
minor product 61 by column chromatography.
Conclusion
We have developed a simple and efficient protocol for the preparation of 1-alkyl
substituted isoquinolines using readily available N-methyl-2-pyrrolidinone as a promoter.
In addition to its simplicity and mild reaction conditions, this method provides high
yields of products in short reaction times. The products would be of great use in the
synthesis of a range of isoquinoline-based natural products.
+
Continued..
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